Abstract Phenolic content, antioxidant activity and sensory characteristics of vegetable-enriched extrudates were investigated as a result of extrusion conditions, including extrusion temperature (140-180°C), screw rotation speed (150-250 rpm) and feed moisture content (14-19 % w.b.). Broccoli flour and olive paste was used in mixtures with corn flour at a ratio of 4 to 10 % (broccoli/corn) and 4 to 8 % (olive paste/ corn). A simple power model was developed for the prediction of phenolic content and antioxidant activity of extrudates by extrusion conditions and feed composition. Phenolic content and antioxidant activity of broccoli enriched extrudates increased with extrusion temperature and broccoli addition and decreased with feed moisture content. The antioxidant activity of olive paste extrudates increased with material ratio and decreased with feed moisture content and screw rotation. Sensory porosity, homogenous structure, crispness, cohesiveness and melting decreased with feed moisture content, while the latter increased the mealy flavor and hardness of extrudates. Acceptable snacks containing broccoli flour or olive paste can be produced by selecting the appropriate process conditions.
Introduction
Cereals and especially corn grits/flour, constitute the basic raw ingredient for extruded snack food production, while their structure is affected and determined by the contained starch and protein (Guy 1994) . As being low in protein content with poor biological value, an enhancement of both product matrix and nutritional value could be achieved by using mixtures of cereals and other raw materials such as legumes, vegetables and dietary fibres (Altan et al. 2009; Anton et al. 2009; Lazou and Krokida 2010b; Stojceska et al. 2008) .
Brassica vegetables belong to Cruciferous family, including a number of widely consumed species such as cabbage, cauliflower, broccoli, Brussels sprouts and kale, which exhibit both antioxidant and anticarcinogenic properties (Bisharat et al. 2013; Nayak et al. 2011; Sarawong et al. 2014; Verhoeven et al. 1997) . In addition to antioxidant vitamins, carotenoids, and polyphenols, Brassica vegetables provide a large group of glucosinolates, which possess rather low antioxidant activity (Plumb et al. 1996) , but the products of their hydrolysis can protect against cancer (Keum et al. 2004 ). Among brassica vegetables broccoli contains the highest proportion of phenolic and nutraceutical compounds.
Olives and their products are one of the basic components of the Mediterranean diet, containing besides nutrients a variety of phenolic constituents. The olive phenols impart antioxidant and antimicrobial properties to different parts of the plant and are also responsible for the extent of browning in the fruit (Ghanbari et al. 2012) . These phenolic components also contribute towards the sensory and aromatic characteristics of the olive as well as impart pharmaceutical and physiological benefits (Bianchi 2003; Covas 2007) . Both lipophilic and hydrophilic phenolics are distributed in olive (Ghanbari et al. 2012) .
Extruded snacks occupy a great part of worldwide consumed snacks, which have the characteristics of easiness to use and of the high nutritional quality. This fact led to the production of new food products that contain high nutritional values' compounds, which include health promoting characteristics (such as antioxidant activity) (Ozer et al. 2006; Stojceska et al. 2008) . Processing affects content, composition and antioxidant activity of bioactive compounds in vegetables. Extrusion cooking is a process that applies short processing times, which favors the retention of nutrient and bioactive compounds otherwise destroyed by thermal processing, and also enables the processing of various mixtures leading to a variety of final food products (Moore 1994) . Vegetable incorporation in extruded snacks fortifies the food with health promoting bioactive compounds. Generally the production of extruded snacks with vegetable ingredients rich in nutraceutical components is a new area not fully investigated and existing information is very limited.
Sensory characteristics of extruded snacks are critical for consumer acceptance. Among them are crisp and well expanded texture, homogeneous structure, good taste, attractive appearance, color and aroma, all dependent on extrusion conditions and raw material composition. The formation of extruded food products with desired structural, textural and sensory characteristics can be achieved by selecting accordingly the extrusion conditions (Lazou and Krokida 2010b; Lazou et al. 2010) . The effect of extrusion conditions and raw material properties on sensory properties has been reported for various cereal-based products (corn and wheat) (Chen et al. 1991; Onwulata and Heymann 1994) , while the effect of vegetables incorporation on quality characteristics of extrudates has not been investigated widely in past.
The objective of the present work was to investigate the phenolic content, antioxidant activity and sensory characteristics of vegetable-corn extrudates as affected by extrusion conditions (extrusion temperature and screw speed) and raw material characteristics (moisture content and vegetable to corn ratio). Simple power models were developed for the prediction of phenolic content and antioxidant activity as a function of process conditions and feed composition.
Materials and methods

Sample preparation
Yellow corn flour was obtained from Marra Bros Mills S.A. (Korinthos, Greece), broccoli and olive paste (Minerva SA, Viotia, Greece) were obtained from the local market. Broccoli chopped and then was frozen at −30°C in a biomedical freezer (SANYO, MDF-236, Osaka, Japan). The broccoli pieces were then dehydrated for 48 h using a laboratory freeze-dryer (Leybold-Heraeus GT 2A, Koln, Germany), under vacuum. The freeze dried broccoli was grinded in order to obtain broccoli flour. Olive paste was also freeze dried under the same conditions.
Raw materials with different characteristics and sensory attributes were used in order to produce added-value extruded products, which expected to lead in final products exhibiting different characteristics as well. Olive paste has dark colour and definitely higher phenolic content as well as bitter taste, than broccoli. In order to select material ratios, preliminary tests were run based on these facts. Hence, corn and broccoli flours were mixed to the desired broccoli/corn ratios of 4, 7, and 10 %, while the desired ratios for olive and corn mixtures were 4, 6 and 8 %.
Feed mixtures were adjusted to desired moisture content by spraying calculated amounts of distilled water and mixing thoroughly for 15 min, in a mixer. The feed moisture content levels were 14, 16.5 and 19 % wb. These moisture levels were selected based on our previous experience in order to obtain a puffed and crunchy extruded product (Lazou and Krokida 2010b; Lazou et al. 2010; Lazou et al. 2007 ). The samples were packed in polyethylene bags and kept in the refrigerator overnight to equilibrate the moisture. Sample moisture content was determined in an oven at 75°C under a vacuum of 50 mm Hg to constant weight. Corrections in moisture content were performed in cases of deviation from the set values. Before extrusion cooking the samples were brought to room temperature.
Extrusion cooking
A co-rotating twin screw extruder (Prism Eurolab, model KX-16HC, Staffordshire, UK) was used. The screw geometry was: length 40 cm, diameter 16 mm, with maximum rotation speed 500 rpm. It was used a cylindrical die with diameter 3 mm and length 17.5 mm. The extruder screws consisted of forward pitch screw elements, reverse screw elements, and two kneading blocks. Details of screw configuration are presented in Table 1 . The material was fed into the extruder using a volumetric feeder. The extruder had five temperature control zones. The temperature during extrusion was adjusted by varying the temperature in the barrel, and die using electric heaters. The extrusion conditions are shown on Table 2 . Steady-state conditions were reached after 20 min, after which samples were collected. Samples were stored in laminated bags for further analysis.
Extraction of phenolic compounds
The extraction of phenolic compounds, from both the raw material mixtures and extruded products, was performed using methanol as a solvent; this is because methanol is generally recognized as the solvent extracting almost all phenolics. The samples were extracted for 1 h with nhexane at a ratio of 5:1 by continuous extraction, in an orbital shaker (Orbital Shaker SO1, Stuart Scientific, UK), at ambient temperature, for fat removal. The extract was filtered using GF/F filter paper Buchner funnel, and the filtrate, which contained the lipids, was removed. Then, the residue was extracted continuously with methanol for 24 h in an orbital shaker, at ambient temperature. The new extract was filtrated using a GF/F filter paper Buchner funnel, and the filtrate was obtained. The combined filtrates were evaporated to dryness in a rotary evaporator (Ika-Werke RV06-ML, Germany). In order to obtain the extracted phenolics from rotary flasks quantitatively, the residue was redissolved in methanol and kept at −20°C until subsequent analyses.
Phenol content determination
The total phenol content of the extrudates was determined colourimetrically at 725 nm using the Folin-Ciocalteau reagent according to a modification of Lafka et al. (2011) method. The methanolic solution of extrudates extract (0.1-0.3 ml), 20 ml of deionised water and 0.625 ml of the Folin-Ciocalteau reagent were added in a 25 ml volumetric flask. After 3 min, 2.5 ml of saturated solution of Na 2 CO 3 (35 %) were added. The content was mixed and diluted to volume with deionised water. After 1 h, the absorbance of the sample was measured at 725 nm against a blank using a single-beam ultravioletvisible spectrophotometer (UVmini 1240, Shimadzu Ltd., Hong Kong). Gallic acid served as a standard for preparing the calibration curve, and ranged from 60 to 140 μg/ 25 ml of assay solution. Antioxidant activity
The antioxidant activity of the phenol extracts was evaluated by using the stable 2,2-diphenyl-1-picryl-hydrazyl radical (DPPH) according to a modification of the method of Bandoniene et al. (2002) . Methanolic solutions of phenol extracts (0.1 ml) and 3.9 ml methanolic solution of DPPH (0.0025 g/100 ml CH 3 OH) were added in a cuvette and the absorbance at 515 nm (till stabilization) was measured against methanol using a single-beam ultraviolet-visible spectrophotometer (UVmini 1240, Shimadzu, Ltd., Hong Kong). Simultaneously, the absorbance at 515 nm of the blank sample (0.1 ml methanol+3.9 ml methanolic solution of DPPH) was measured against methanol. The radical scavenging activities of the tested samples, expressed as percentage inhibition of DPPH, were calculated according to the following formula proposed by Yen and Duh (1994) :
where Α ο the absorbance at 515 nm of the blank sample at the time t=0 min and A is the final absorbance of the test sample at 515 nm.
Sensory evaluation
A ten-member trained panel, comprising of staff members and PhD students (4 males and 6 females), participated in descriptive analysis of extrudates. They had been trained in the lexicon and methodology of sensory analysis (ISO 1998) and had experience in accessing snack foods. The samples were presented monadically and in a random sequence as pieces, 4 cm length, in three-digit coded dishes. The evaluation was conducted in a climate-controlled sensory evaluation laboratory equipped with separately partitioned booths. The panelists cleansed their palates between samples with water. Samples were served at room temperature (25±1°C) and analyses were performed under normal lighting conditions. Sensory characteristics were divided into three main categories: appearance, flavour and texture. Table 3 summarizes the sensory attributes, definitions and ancors (Dijksterhuis et al. 2007; Liu et al. 2000) . Panelists were asked to score each attribute from 1 (low) to 9 (high), with the exception of colour characteristic, in which 1 referred to dark samples and 9 referred to light samples. The experiment was designed so that three replicates were obtained for each extrudate. Five samples were served at one session and there were 5 sessions of 45 min each one.
Hedonic sensory tests were conducted by 50 untrained panelists (20 males and 30 females) recruited among staff and graduate students of the Faculty of Chemical Engineering. The criteria for recruitment of the participants were that they ate snack food at least one a week, were from 18 to 65 years of age, had no food allergies and were available and willing to participate on the test. The experiment was designed so that three replicates were obtained for each extrudate. The laboratory was equipped with individual partitioned booths. Drinking water was provided to clean and rinse the mouth between samples. Samples were placed on white plates and were coded with random three-digit numbers and served under normal lighting conditions at room temperature. Extrudates were evaluated for overall acceptance using a nine-point hedonic scale ranging from 1 (dislike extremely) to 9 (like extremely). Extrudates were considered acceptable if their mean score for overall acceptance was above 6 (like slightly) (Choi et al. 2007; Lazou et al. 2010) . Table 4 .
Mathematical modeling and statistical analysis A simple power model was used for the prediction of phenolic content and antioxidant activity of the extrudates from independent variables. The proposed equation has the form (Lazou and Krokida 2010b):
where M is the property, M 0 is the property at reference conditions, T is the extrusion temperature, R is the screw rotation speed, X is the feed moisture content and C is the vegetable to corn ratio. The symbols with zero indexes indicate the respective values at reference conditions. The values of central point were used as reference conditions, which are 160°C temperature, 200 rpm screw speed, 16.5 % w.b. feed moisture content and material ratio 6 and 7 %, for broccoli and olive paste respectively.
The model involve five parameters: the property at reference conditions (M 0 ), the exponent for extrusion temperature (a T,M ), the exponent for screw speed (a R,M ), the exponent for feed moisture content (a X,M ), and the exponent for vegetable to corn ratio (a C,M ). The influence of process conditions on phenolic content and antioxidant activity, such as, extrusion temperature and screw speed is expressed by the a T,M , a R,M exponents, respectively, while the influence of material characteristics such as feed moisture content and vegetable to corn ratio is expressed by the a x,M , and a c,M exponents, respectively. The parameters that influence the phenolic content and antioxidant activity were estimated by regression analysis.
The influence of independent variables (extrusion conditions and material ratios) on sensory characteristics of extrudates was analyzed using analysis of variance. Significant differences were defined at p<0.05. All analysis was performed using Statistica software (Statistica Release 7, Statsoft Inc. Tulsa, OK, USA).
Results
Phenolic content of extrudates
The application of regression analysis showed that not all of the five parameters of the proposed model had a significant effect on the phenolic content of extrudates. The significant parameters affecting phenolic content of broccoli enriched extrudates (p<0.001) are C ph0 , a T,Cph,br , n X,Cph,br and n C,Cph,br . The parameter estimates are summarized in Table 5 . Figure 1 shows the variation of phenolic content of extrudates with process conditions and raw material characteristics. Phenolic content increased with extrusion temperature and broccoli flour addition and decreased with feed moisture content. Phenolic content of extrudates was not significantly affected by screw rotation speed.
Increasing barrel temperature could have a destructive effect on phenolic compounds, which would be easily Coding example Β1233: broccoli extrudate sample containing 14 % feed moisture, 7 % broccoli/corn ratio extruded at 180°C with 250 rpm damaged from high temperature environment (Kalt 2005) . The reduction in phenolic content by extrusion temperature has also been reported for extruded bean, oat cereals and oat extrudates by 19-21, 24-46 and 50 %, respectively (Korus et al. 2007; Viscidi et al. 2004; Zadernowskl et al. 1999) . In this study extrusion temperature exhibited an opposite effect.
The increase of extrusion temperature increased the phenolic content of extruded broccoli-enriched snacks. The increasing effect of extrusion temperature has been observed for barleytomato-grape pomace extrudates processed in a twin screw extruder at temperatures ranging from 140 to 160°C and for barley extrudates extruded in temperature range from 150 to 180°C. (Altan et al. 2009; Sharma et al. 2012) . Apart from vegetable flour addition, antioxidant compounds as well as antioxidant activity change in extruded products could also be attributed to the release of phenolic compounds from cell walls (e.g., breaking complex polyphenols into low molecular weight phenolic compounds), to interaction of phenolics with protein, and to formation of Maillard reaction products as a result of high extrusion temperatures especially at higher temperatures (Nayak et al. 2011; Stojceska et al. 2009 ). The phenolic content of broccoli enriched extrudates decreased with the feed moisture content rise. This variation can be explained by the fact that phenolics can be modified as their solubility and functional group properties are altered (Yağci and Göğϋş 2009) . Phenolics can also suffer decarboxylation during processing of food (Pokorný 2001) . The higher moisture content presumably promoted phenolic polymerization, which affected extractability of phenols and reduced antioxidant activity (Brennan et al. 2011; Pokorný and Schmidt Š 2003) . Yağci and Göğϋş (2009) found for extrudates containing orange peel and grape seed by-products (using rice as a base flour) extruded with single screw extruder, ranging feed moisture content from 12 to 18 %, a reduction in phenolic content. A reduction in phenolic content with feed moisture content was also observed for cerealbased extrudates containing carrot powder (Ozer et al. 2006) .
The increase in broccoli flour addition increased the phenolic content of extruded products. This fact may be explained by the increased initial phenolic content of the raw material. Extrusion cooking has been found to increase the total phenolic content in cauliflower and red cabbage extrudates (Stojceska et al. 2008; Stojceska et al. 2009 ). This increase seems likely a normal consequence of the high temperature, water-stress and wounding (Reyes et al. 2007 ) that could induce the synthesis of enzymes in the metabolic pathway that are responsible for increased production of phenolic compounds (Saltveit 1998) . It has been shown that wounding increase antioxidant capacity and total phenolic compounds in lettuce, celery, carrot, parnships and sweetpotato (Reyes et al. 2007; Saltveit 1998 ) depending on the type of vegetable tissue.
The application of regression analysis showed that the significant parameters affecting phenolic content of olive paste extrudates (p<0.001) are C ph0,ol and a C,Cph,ol . The parameter estimates are summarized in Table 6 . shows the variation of phenolic content of olive paste extrudates with olive paste/corn ratio. Phenolic content increased with olive paste addition in the initial mixture. The increasing olive paste content induced an increase in initial phenolic content of the raw material, which results to increased phenolic contents of the products.
Antioxidant activity of extrudates
Regression analysis showed that the parameters which affect antioxidant activity of broccoli enriched extrudates significantly (p<0.001) are AA 0,br , a T,AA,br , a X,AA,br , a c,AA,br (Table 5 ). Fig. 3 shows the variation of antioxidant activity of broccoli extrudates with process conditions and raw material characteristics. Antioxidant activity increased with the increase of extrusion temperature and broccoli flour addition and decreased with increasing feed moisture content. Antioxidant activity was not affected significantly by screw speed. Antioxidant activity of broccoli enriched extruded snacks increased with extrusion temperature rise. Thermal treatment changes the antioxidants compounds profile and can bring out the production of more antioxidants, which can contribute to the overall antioxidant capacity (Brennan et al. 2011) . The increase of antioxidant activity upon thermal treatment has been reported in past for tomato products (Dewanto et al. 2002; Nicoli et al. 1997) . The increasing effect of extrusion temperature on antioxidant activity (determined with the ORAC method) has been found for twin screw extruded starch-cranberry pomace products processed at a temperature range between 150 and 190°C (White et al. 2009 ).
Feed moisture content was found to decrease the antioxidant activity of broccoli enriched extrudates. It was stated earlier that the higher moisture content presumably promoted phenolic polymerization, which affected extractability of phenols and reduced antioxidant activity (Brennan et al. 2011; Pokorný and Schmidt Š 2003) . This fact probably explains the antioxidant activity reduction.
The regression analysis results for antioxidant activity of olive paste extrudates are summarized in Table 6 . The parameters which affect antioxidant activity of olive paste extrudates significantly (p<0.001) are AA 0,ol , a R,AA,ol , a X,AA,ol , a C,AA,ol. . Antioxidant activity variations of olive paste extrudates with extrusion conditions and raw material content are presented in Fig. 4 . The increase of olive paste/corn ratio raised antioxidant activity, while the increase of feed moisture content and screw speed resulted to antioxidant activity decrease.
The antioxidant activity of olive paste extrudates decreased with the increase of screw rotation speed. The screw speed can increase the mechanical energy (Liang et al. 2002) . The fact can contribute to the degradation of bioactive compounds, decreasing the antioxidant activity of the extrudates. Similar variations have been found for barley based extruded products (Altan et al. 2009 ). The variations of antioxidant activity of olive paste extrudates with feed moisture and material ratio are similar with those of broccoli extrudates. A positive correlation (R 2 =0.796) was found between phenolic content and antioxidant activity of broccoli extrudates. This finding suggests that the antioxidant activity of produced broccoli-enriched snack is due to a great extent to its phenolic content and is in line with observations of Yağci and Göğϋş (2009) and RepoCarrasco-Valencia et al. (2001) who reported a high correlation between DPPH and Folin-Ciocalteau assays in rice-based and kiwicha extruded products respectively. In addition, it should be noted that not such a correlation was observed for olive paste extrudates.
Sensory evaluation
Appearance
The analysis of variance showed that the number of open cells (sensory porosity) of broccoli and olive paste extrudates affected significantly (p<0.05) from feed moisture content and extrusion temperature. The sensory porosity decreased with feed moisture content and increased with extrusion temperature (Figs. 5 and 6 ). The increased levels of temperature favor the bubble formation (Wang et al. 2005) . Furthermore, increasing the feed moisture content leads to the formation of more rigid structures with increased apparent density, resulting in decreased number of open cells in extrudates cellular matrix (Lazou and Krokida 2010b) .
The sensory diameter of broccoli-enriched extrudates affected significantly by extrusion temperature (p<0.01). The temperature rise led to the reduction of extrudates sensory diameter. The number of open cells and the (Chen et al. 1991) . The severity of thermal treatment affects the macromolecular degradation during extrusion cooking, which influences the degree of cooking. Generally, the degree of cooking can affect the pore size formation during extrusion cooking and, consequently the degree of expansion of starch based extrudates (Wang et al. 2005) . In contrast, the sensory diameter of olive paste extrudates affected significantly by material ratio and screw rotation speed (p<0.01). The increase in screw speed increased the sensory diameter of extrudates.
The sensory colour of extrudates affected significantly (p<0.05) by the vegetable/corn ratio. It was found to decrease with the addition of broccoli flour or olive paste. Colour is an important quality characteristic of extruded foods and its changes during extrusion cooking due to ingredients decomposition and physicochemical reactions that take place during processing and final product expansion. In addition the sensory colour of olive paste extrudates increased with extrusion temperature (p<0.001). The formation of more air cells (porosity increases) at elevated levels of temperature induce the production of lighter extrudates.
The appearance (homogenous structure) of broccoli enriched extrudates was affected significantly (p<0.05) by feed moisture content (reduction), while appearance of olive paste extrudates affected (p<0.001) by extrusion temperature (increase). The perception of homogeneous structure of the products can be affected by their geometrical characteristics and their colour. The observed variations may be attributed to the respective impact of this independent variable in the expansion of the products.
Flavour
The extrudates flavor changes are represented in Figs. 7 and 8. The analysis of variance showed that mealy flavour was affected significantly (p < 0.05) by feed moisture content and extrusion temperature, while burnt flavor affected (p < 0.05) by extrusion temperature. 
R-Effect
X=16.5% C=6%
=16.5% has been found that as the feed moisture content during extrusion increases, the degree of cooking (evaluated by the change of water solubility index because of protein denaturation) of extrudates decreases (Drago et al. 2007; Lazou and Krokida 2010a) . So, the lower degree of macromolecular degradation at higher values of feed 
=16.5% T=160 C T=160 C
R-Effect
T=160 C Fig. 8 Flavour of olive paste extruded snacks as affected by extrusion conditions and raw material characteristics moisture contents may be a possible explanation of the increased mealy flavour of the extrudates. Feed moisture content has also been found to increase mealy flavour of lentil-based extruded snacks (Lazou et al. 2010) .
Texture
The variations of the texture of extruded products are shown in Figs. 9 and 10. The crunchiness of olive paste extrudates was affected significantly (p<0.05) from extrusion temperature. The increased of extrusion temperature led to an increase of extrudates' crunchiness. At high temperature levels the formation cell walls of extrudates is favoured and as a result the porosity of the product increases and the sound during mastication becomes more intense, increasing the perception of crunchiness (Lazou et al. 2010 ).
Crispness of extrudates was affected significantly (p<0.01) from feed moisture content. Moisture content had a depressing effect on crispness of both broccoli and olive paste extrudates. This fact may be ascribed to the reduction of expansion of extruded dough, which results by the higher feed moisture (Lazou et al. 2010) . Moreover, crispness of extrudates increased with extrusion temperature. The increase of temperature is able to increase the degree of superheating of water, before extruded melt is forced to pass through the die. This may increase the bubble radius, which simultaneously caused the increase in matrix radius and decrease in shell wall thickness (Wang et al. 2005) . The thinner shell wall is probably responsible for the improvement of the perception of crispness of snacks.
Hardness of extrudates affected significantly (p<0.01) by feed moisture content. It increased with feed moisture content. The apparent density of extrudates increases with feed moisture. The denser product exhibit more resistant on fracture. Similar results have been reported in past for soya and lentil based extrudates (Lazou et al. 2010; Li et al. 2005) . The extrusion temperature decreased hardness of extruded snacks. The rise in extrusion temperature favours the production of more expanded product which becomes crispier and as a result has softer texture.
The cohesiveness and melting of all extruded products affected significantly (p<0.05) by feed moisture content. Both of these sensory properties decreased with the feed moisture content rise. The degree of dissolving of the Table 4 may be expected, because the increase of extrusion temperature ameliorates the degree of cooking during extrusion processing.
Overall acceptability
The overall acceptability of vegetable enriched products is presented in Fig. 11 . Samples containing 10 % broccoli to corn ratio were not acceptable (score <6), expect samples with initial moisture content 14 % w.b., processed at extrusion temperature 140°C with screw speed 150 rpm and 250 rpm and the sample processed at 180°C and 250 rpm. Acceptable broccoli snacks were produced using feed moisture content 14 %w.b. and 4 % broccoli/corn ratio, processed at 140°C and 250 rpm and at 180°C and 150 rpm. The sample containing 16.5 % w.b. feed moisture and 7 % broccoli/corn ratio extruded at 180°C and 200 rpm was also acceptable.
Acceptable olive paste snacks were produced at 180°C using screw rotation speed 150 rpm and 250 rpm. These samples had initial moisture content 14 % w.b. and olive paste/corn ratio 4 and 8 %. Most of the acceptable extrudates (both broccoli and olive paste enriched) had fairly homogeneous structure (score>5), were crunchy, crispy and were relatively soft.
Conclusions
Phenolic content and antioxidant activity of vegetable enriched extruded snacks produced on a twin screw extruder were both depended on process conditions and raw material characteristics. Simple power models were developed in order to examine the effect of extrusion conditions and feed composition on phenolic content and antioxidant activity of extrudates. Phenolic content and antioxidant activity of broccoli enriched extrudates increased with extrusion temperature and broccoli flour addition and decreased with feed moisture content. Phenolic content of olive paste extrudates increased with olive paste addition, while their antioxidant activity increased with material ratio and decreased with feed moisture content and screw rotation speed. Moreover, the sensory properties of extrudates affected by extrusion conditions and raw material characteristics. The extrusion temperature decreased the extrudates diameter and crunchiness, while improved their porosity and hydration. The increase of feed moisture content deteriorated sensory properties of extrudates. The feed moisture content decreased extrudates porosity, homogenous structure, crispness, cohesiveness and melting and increased hardness and mealy flavour. The addition of broccoli flour and olive paste decreased colour of extruded snacks. Acceptable snacks with dehydrated broccoli flour can be produced using 14 % w.b. feed moisture content, extruded at 140°C and 150-250 rpm or at 180°C and 250 rpm. The acceptable olive paste extrudates can be produced using 14 % feed moisture content, material ratio 4 and 8 % processed at 180°C using screw rotation speed 150 and 250 rpm.
